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Abstract. Action-specific effects on perception are apparent in terrestrial environments. For example,
targets that require more effort to walk, jump, or throw to look farther away than when the targets
require less effort. Here, we examined whether action-specific effects would generalize to an underwater environment. Instead, perception might be geometrically precise, rather than action-specific,
in an environment that is novel from an evolutionary perspective. We manipulated ease to swim by
giving participants swimming flippers or taking them away. Those who estimated distance while
wearing the flippers judged underwater targets to be closer than did participants who had taken
them off. In addition, participants with better swimming ability judged the targets to be closer
than did those with worse swimming ability. These results suggest perceived distance underwater is
a function of the perceiver's ability to swim to the targets.

1 Introduction
Action-specific effects suggest that perception expresses the relationship between the
surrounding environment and the perceiver's ability to act (eg Witt 2011a), just as
Gibson (1979) theorized. For example, objects look closer and smaller when they are
easier to reach and grasp (see below). The action-specific account of perception has
been tested only in terrestrial environments, which are the environments in which our
perceptual and motor systems likely evolved. Here, we examined if action-specific
effects will also occur in environments that are novel from an evolutionary perspective.
In such novel environments, perception may attempt to recover the precise geometric
properties of the environment rather than to scale aspects of the environment to the
perceiver's ability to act.
Action-specific effects may not be apparent in all aspects of the perceived environment. As an extreme example, the perceived size of the Moon is not likely
influenced by action abilities. In the case of perceiving objects such as the Moon,
perception must rely on arbitrary metrics not grounded in the body and its abilities (Proffitt and Linkenauger, in press). The question addressed here is whether
perception in aquatic environments involves action-specific processes. To examine
this question, we investigated if changes in the ability to swim influence underwater
distance perception.
Above ground, there are several indications that perceivers see the surrounding
environment in terms of their abilities. The ground plane looks steeper and distances
look farther to perceivers who would have to exert more effort to traverse the space
(Bhalla and Proffitt 1999; Lessard et al 2009; Proffitt et al 2003; Stefanucci et al 2005;
Witt et al 2004, 2010). Objects placed on a tabletop look closer and smaller when
they are easier to reach and grasp (Linkenauger et al 2009, in press; Witt 2011b; Witt
et al 2005). When perceivers intend to grasp, objects of the correct orientation and
size are detected more quickly and accurately than when intending to point or perform
a different kind of grasp (Bekkering and Neggers 2002; Gutteling et al 2011; Symes
et al 2008). After more successful sports performance, targets look bigger and slower
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(Can¬al-Bruland and van der Kamp 2009; Witt and Dorsch 2009; Witt and Proffitt
2005; Witt and Sugovic 2010) and obstacles look smaller (Witt and Sugovic 2010).
In summary, the surrounding environment is perceived in terms of the perceiver's ability
to perform the intended action.
Here, we examined if action-specific effects generalize to aquatic environments.
Distance perception underwater is typically overestimated relative to the same distances
above ground (Luria and Kinney 1970; Luria et al 1967; Ross 1967). Researchers attribute
this overestimation to optical factors such as reduced brightness contrast or seemingly
increased aerial perspective. However, above ground, reduced cue settings can result in
distance compression (eg He et al 2004), so distance underestimation may have been
expected underwater where optical cues are reduced. In the current experiment, participants viewed the same environment, so all optical cues were held constant across
conditions. We examined whether changes in swimming ability would influence perceived
distance underwater even when all optical information was held constant. We manipulated perceivers' abilities to move in the water by giving them swimming flippers or not,
and found that swimmers judged the targets as closer when they wore the flippers and
thus had enhanced swimming ability.
2 Method
2.1 Participants
Fifty-seven swimmers (twenty-one female) volunteered for the study. Participants were
recruited at the pool during open swim hours and during the Purdue women's team
swim practice (in which case, all the participants were on the swim team). The criteria
for inclusion were at least some ability to swim and to have normal vision or wear
contact lenses at the time of the study. These criteria resulted in the exclusion of one
participant on the basis of very poor swimming ability and two participants on the
basis of needing corrective lenses.
2.2 Stimuli
The study took place in the diving pool at the Boilermaker Aquatic Center. Three
colored plastic discs (21 cm in diameter) served as targets. They were suspended approximately 0.5 m below the water surface with a clear fishing line and 3 weights placed
on the bottom of the pool. Because the targets were not easy to reposition, they were
set-up in the same location for every participant. The closest target was placed at
1.96 m at 458 to the right of the participant, and was orange with a blue ring and
black with an orange stripe on the back. The middle-distance target was placed at
3.18 m at 458 to the left of the participant, and was blue with a yellow ring and black
with a blue stripe on the back. The farthest target was placed at 4.39 m and set
straight in front of the participant, and was green with an orange ring and black with a
green stripe on the back. A pair of TYR Racetech goggles was used for estimating
distance underwater.
2.3 Procedure
Participants were approached by the experimenter, who was also a certified life-guard
and swim instructor with 6 years of competitive swimming experience. Participants
first practiced estimating distances on the ground in order to get used to estimating
distances. They stood at a designated spot on the side of the pool and estimated
the distance to a wall that was 1.73 m away. They were told to imagine their body lying
down and to imagine how many body lengths would fit in between them and the wall
as a way to help them make estimates. Then they walked to another spot and estimated
the distance to another wall that was 3.33 m away. Participants gave their estimates in
their preferred unit of measurement.
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Participants were assigned to the flipper or no-flipper condition in alternating order.
The condition specified whether or not they were wearing flippers when they estimated
distances underwater, although all participants wore flippers at some point in the study.
Participants were first exposed to the ease with which they could swim in each condition by swimming 4 lengths of the pool (9.6 m in length) in one condition and then
another 4 lengths in the other condition. Those in the flipper condition first swam
without the flippers then swam with the flippers so that the benefit of the flippers
would be even more apparent. Those in the no-flipper condition first swam with the
flippers and then swam without them so that the reduced ability without flippers would
be more apparent. The participants were simply instructed what to do; they were not
given a reason why they were wearing the flippers. While participants were swimming,
the experimenter rated each participant on his/her ability to swim on a scale from 1
to 5. A `1' indicated that the participant had no ability to swim, and he/she was not
included in the study. A `2' indicated that the participant had some ability to swim;
a `3' indicated that he/she was a recreational swimmer; a `4' indicated that he/she
was a non-active competitive swimmer; and a `5' indicated that the participant was an
active competitive swimmer.
After exposure to the different swimming conditions, participants were instructed
to swim to a set of submerged steps and to stand on the bottom step. From these steps,
participants estimated the distance to the targets (see figure 1). Participants were asked
to wear the provided set of goggles and to submerge their head completely underwater
when viewing the targets. The order of the targets was randomized. For each target,
participants first estimated how long it would take to swim to the target in seconds.
This was done to get the participants to perceive the target in terms of swimming
to it. Then, participants submerged their heads again and estimated the distance to the
target in their preferred units of distance measurement. Participants were not restricted
in the number of times they were allowed to go underwater to view the target, though
one viewing was typically sufficient. This design allowed for a potential confound in
that participants could have viewed the targets while their heads were out of the water.
However, because we were interested in between-group differences, this confound was
present for both conditions. Also, given the ripples on top of the water, vision of the
targets was likely clearer underwater than when viewing just above the surface, so it is
possible but unlikely that participants relied on information acquired when their heads
were out of the water.

Figure 1. [In colour online, see http://dx.doi.org/10.1068/p6910] Underwater view (left) and bird's-eye
view (right) of the experimental setup. Participants sat on the steps and estimated the distance to
three submerged targets. The arrow points to one of the targets.
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3 Results
Participants were grouped according to their rated swimming ability. Those rated as a
4 or 5 were labeled as better swimmers and those rated as 2 or 3 were labeled as worse
swimmers.(1)
Participants who had better swimming ability judged the targets to be closer than
did participants who had worse swimming ability (see figure 2). In addition, participants who were wearing swimming flippers and thus had enhanced ability to swim
to targets judged the targets to be closer than did participants who had taken off the
flippers and thus had reduced ability to swim to targets (see figure 3).
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Figure 2. Estimated distance to underwater
targets as a function of target distance and
whether the swimmer had better or worse
swimming ability. Error bars represent 1 SEM.
The dotted line represents perfect accuracy. The
other lines represent linear regression for each
group.
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Figure 3. Estimated distance to underwater
targets as a function of target distance and
whether the swimmer was wearing flippers. Error
bars represent 1 SEM. The dotted line represents perfect accuracy. The other lines represent
linear regression for each condition.
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These impressions were confirmed with a repeated-measures ANOVA with target
distance as a repeated factor, flipper condition and ability group as between-subjects
factors, and distance estimates as the dependent factor. Flipper condition significantly
affected estimated distance (F1, 50  4:89, p 5 0:05, Zp2  0:09). Participants wearing
flippers judged the targets to be closer than did participants not wearing flippers.
Ability of the group significantly affected estimated distance (F1, 50  20:01, p 5 0:001,
Zp2  0:29). Those with better swimming ability judged the targets to be closer than
did those with worse swimming ability (see figure 3). There was not a significant
interaction between flipper condition and swimming ability (F1, 50  0:07, p 4 0:79;
see figure 4). Target distance influenced estimated distance (F2, 100  304:94, p 5 0:001,
(1) The

ability groupings were based on an experienced but single experimenter's ratings. However,
participants' estimated time to swim to the targets corroborated these ratings: the better swimmers
estimated that it would take less time to swim to the targets (M  2:01 s, SE  0:32 s) compared
to the worse swimmers (M  4:26 s, SE  0:32 s) (F1, 50  21:29, p 5 0:001, Zp2  0:30). Furthermore, the pattern of results was similar when participants were grouped according to whether they
were currently on the swim team or not, and when they were grouped on the basis of a median split
of their estimated time ratings to swim to the targets.
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Figure 4. Estimated distance to underwater targets
as a function of swimming ability and flipper condition. Error bars represent 1 SEM.

Zp2  0:86). The interaction between target distance and flipper condition was not significant (F2, 100  1:54, p 4 0:21). The interaction between target distance and ability
of the group was significant (F2, 100  10:50, p 5 0:001, Zp2  0:17). Those with worse
swimming ability estimated the targets to be even farther as target distance increased.
The three-way interaction between target distance, flipper condition, and swimming
ability was not significant (F2, 100  0:22, p 4 0:80).
Sex differences are also of potential interest given that women tend to be more
buoyant. There were not enough women in our group of less-skilled swimmers (n  2),
so we could only look at sex differences in the more-skilled swimmers. While women
(M  2:22 m, SE  0:13 m, n  18) did perceive the targets to be closer than men
did (M  2:90 m, SE  0:15 m, n  13) (F1, 29  11:24, p 5 0:01), the women were
also rated as better swimmers (M  4:94, SE  0:09) than the men (M  4:62 m,
SE  0:10 m) (F1, 29  5:89, p 5 0:05). Thus, we are unable to decouple ability based on
skill from effort based on buoyancy within the current sample.
4 Discussion
These results suggest that distance underwater is perceived in terms of the perceiver's
ability to swim. Perceivers who anticipated being able to swim faster with less effort as
a result of wearing the flippers judged the targets to be closer than did participants who
took off the flippers. In addition, swimmers who were more skilled at swimming also
judged the underwater targets to be closer than did those who were less skilled at
swimming. Both findings suggest that ease to swim to a target influences the perceived
distance to the target. The results also demonstrate that action-specific effects generalize to aquatic environments.
The action-specific perception account (see Proffitt and Linkenauger, in press;
Witt 2011a), which proposes that perceivers see the surrounding environment in
terms of their ability to act in it, is motivated by Gibson's (1979) ecological approach
to perception. Gibson claimed that the main objects of perception are affordances,
which are the possibilities for action. Here, we demonstrated that the affordance for
swimming influences perceived distance underwater. That the same visual information
looks different depending on one's ability challenges many notions of perception as
providing a general-purpose and behaviourally neutral representation of the environment (eg Fodor 1983, pages 66 ^ 68; Loomis and Philbeck 2008; Pylyshyn 2006,
pages 130 ^ 132). However, in addition to being consistent with ecological approaches
(see Witt and Riley, submitted), the current results are also consistent with accounts of
embodied cognition (eg Wilson 2002), common-coding approaches (Hommel et al 2001),
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and selection-for-action accounts (eg Bekkering and Neggers 2002). All of these approaches
emphasize action in perceptual processes.
The current results expand on the previous literature by demonstrating actionspecific effects in an environment that differs from the one to which people have likely
adapted. However, our perceptual systems evolved from systems that themselves
evolved in aquatic and terrestrial environments, so one possibility is that these earlier
perceptual systems were also tuned to the organisms' abilities. For example, frogs only
see information from the environment that is relevant for their actions such as bugs,
predators, and hiding places (Lettvin et al 1959). In their waggle dance, bees express
distance in terms of the effort required to fly the specified distance, rather than in
terms of the physical distance (von Frisch 1955, page 121). Ants that move more efficiently forage farther from their home than ants that move less efficiently (Nonacs
2002). Given that the current research demonstrates action-specific perception in an
evolutionarily ancient environment, action-specific perceptual scaling may be a process
shared by many organisms.
Though not mutually exclusive, another possibility is that, even though our perceptual
systems did not specifically evolve to perceive underwater, we must rely on our terrestrially adapted perceptual system even when underwater. Given that this perceptual
system involves action-specific processes, underwater distances will also be seen in
terms of the perceiver's ability to achieve them so long as the perceptual system has
access to information about the perceiver's abilities. If the perceptual system does not
have access to information about the perceiver's ability to act, then action-specific
scaling will not be apparent (Witt and Proffitt 2008). Thus, in a novel environment in
which a perceiver has no action experience, action-specific scaling might not be apparent or might not be accurate relative to the perceiver's abilities. For safety reasons,
we imposed the criterion that our current sample of participants must have a sufficient
ability to swim. However, we would expect a different pattern of results for people
who had never been exposed to swimming, because perceptual processes would not
have access to information about the person's ability. For instance, an astronaut in a
zero-gravity environment for the first time might not perceive the environment accurately relative to his/her zero-gravity abilities. With experience, however, the astronaut
would become more tuned to his/her abilities and would then see the surrounding
environment in terms of these abilities. As another example, in virtual environments
perceived distance tends to be grossly underestimated relative to perceived distance
in real environments (eg Loomis and Knapp 2003). Interestingly, perceived distance in
virtual environments benefits from having a visually specified body compared to when
the body is not specified (Mohler et al 2010). Thus, perceptual information about the
perceiver's own body aids in perceiving distance (see Linkenauger et al 2010 for example
with perceived size).
The current results suggest that action-specific perceptual effects can occur underwater. Swimmers with enhanced abilities due to wearing flippers perceived the targets
to be closer than swimmers who were not wearing the flippers. More skilled swimmers
also perceived the targets to be closer than less skilled swimmers. People perceive the
surrounding environment in terms of their ability to act, and this action-specific scaling
generalizes to multiple types of environments.
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